We studied precision, accuracy, sensitivity, and specificity, as compared to gel diffusion; values for the two methods agreed well for 57 sera from hospital patients.
The SPRIA procedure is more precise, and can be completed in 3 h, as compared to the 16-24 h normally required for gel diffusion procedures.
The possible automation of SPRIA is discussed. (2) (3) (4) (5) .
The improvement in competitive binding analytical procedure effected by chemically or physically bonding the antibody to a solid particle overcomes these objections (6) (7) (8) (9) (10) (11) (12) (13) (14) , the primary benefit of this solidphase approach being the ease with which bound and free isotopically labeled protein can be separated.
Here, we report a method for measuring serum IgG by SPRIA, 1 and results of tests of sensitivity, precision, accuracy, and specificity.
Materials and Methods

Preparation of Materials
Source of purified antigen. The IgG was obtained from a pool of 400 normal human sera. The immunoglobulins were precipitated by half-saturated ammonium sulfate, and IgG was isolated by column chromatography with "DEAE-Sephadex A-SO" (Pharmacia Fine Chemicals, Inc., Piscataway, N. J. 08854).
The isolated
IgG was shown to be free of IgA, 1gM, IgD, IgE, and other serum proteins by double gel diffusion with specific antiserum directed to the immunoglobulmn and with goat anti-whole human serum. In general, the method of solid-phase radioimmunoassay is based on the usual principles of competitive binding analysis, which means that the standard reaction is set up between the labeled antigen and its corresponding antibody so that half of the labeled antigen is bound with the antibody.
In the system to be described, the antibody is covalently bonded to Cellex particles.
We will discuss the procedure for establishing the amount of labeled antigen and of Cellex-antibody to use so that 50% of the labeled antigen will be bound.
The volume of the stock solution of isotopically labeled IgG is adjusted so that 0.6 ml contains 8000-10000 counts per minute.
We selected this volume as the optimum amount for mixing during the incubation period.
To determine the amount of Cellex-antibody to be used in the test, we titrated it by diluting a stock solution of Cellex-antibody until 50% of the radioactive IgG is bound to the solid phase (Cellex-antibody). This is done by reacting small amounts of the stock solution (2 g of Cellex-antibody in 120 ml of PBS) with 125J IgG until a point is reached at which a given amount results in 50% of the radioactive IgG being bound (B) to the antibody complex and 50% remaining in the unbound, or free (F), state. This gives a bound to free (B/F) ratio of 1.0. In this study, a B/F ratio of 1.0 was obtained by using 0.2 ml of eightfold diluted Cellex-antibody.
The last step is to prepare the calibration curve by using various quantities of the pooled IgG reference standard.
As mentioned above, the reference standard originated from pooled serum, and therefore it presumably has all the antigenic components of the unknown sera to be analyzed. In using a radioimmunoassay method, one should ascertain the clinically useful (dynamic) range that one desires and set the range of the calibration curve accordingly. In the case of IgG assay, the dynamic range 600-1200 mg/ 100 ml should be set to correspond to the more accurate part of the calibration curve, leaving adequate space on the curve for values that are less than 600 mg/100 ml and in excess of 1200 mg/100 ml. Occasionally a serum may have to be diluted to fit the curve-for example, if the value is in the 4000-5000 mg/100 ml range, as in cases of multiple myeloma. We used the following method to set the calibration curve to meet the demands of the dynamic range. Here, the same data used in Figure 1 are plotted as free (unbound) The pooled standard has a mean IgG concentration of 1125 mg/100 ml. The pooled IgG standard is diluted 10-, 20-, 50-, 100-, and 200-fold, and each dilution is tested by the method described above. That dilution is selected for which the B/F ratio decreases from 1.0 to 0.5, a 50% drop in the B/F ratio. This is the dilution used to set the point on the curve corresponding to 1125 mg/100 ml. This dilution has been 50-fold. (Figures 1 and 2) .
Single gel diffusion-analytical method.
We used 
Precision.
Results of the same-day studies (Table  1) show a relatively high degree of precision at both low normal and high normal ranges of IgG. Table 1 records the values calculated from calibration curves of the free 125I-IgG, representing counts in the supernate, and those calculated from the B/F ratio, representing primarily particle counts. Although both approaches yield similar coefficients of variation, the values calculated from the B/F ratio are higher than those calculated from counts of the free unbound 25I-IgG.
Day-to-day precision (Table  2) was satisfactory, which is implied when the coefficient of variation by SPRIA obtained on a day-to-day basis is equal to or less than that determined by gel diffusion on a sameday basis (Table 3) . Gel diffusion and SPRIA scatter about the 450 regression line shows proportional drift from uniformity, which is evident with 5PRIA giving lower values, as also shown in Table 4 Fig . 4 . Frequency distribution plot of the same values as seen inFigure3 91
The two sets of data agree, as can be ludged by the closeness of the 6 7 two curves. The mean by SPRIA was 1302 mg/100 ml. by single gel diffusion 1441 mg/100 ml (Table 4) The values calculated from the unbound-free
1251.
IgG are lower than those obtained from calibrations based on the count of bound '251-IgG. However, the F test on the coefficient of variation for low values in In Figure 3 , a regression plot of the two procedures is depicted, and Figure 4 shows a frequency distribution for results of both tests for IgG. In the regression study ( Figure  3) , the SPRIA values are biased on the lower side by 126 mg/100 ml ( Table 4) . As values of IgG increase, SPRIA results evidently become progressively lower than those obtained by gel diffusion.
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Sensitivity.
The lowest dilution of the standard IgG that could be distinguished contained 25 ng of IgG per milliliter.
Discussion
SPRIA for serum IgG is specific, precise, and sensitive. As evaluated by comparing the SPRIA method with radial gel diffusion, results by the two methods agreed closely for IgG concentrations in the normal range for serum ( Figures  2 and 4 Since gel diffusion is concentration dependent only insofar as all of the molecules are of the same size and have the same diffusion rate, fast-diffusing fragments such as Fe could cause an expanded zone of precipitation.
The diameter of the precipitin zone will reflect not only the movement of the com- 
